Recent studies have shown that coffee production costs have been rising above inflation and that the activity has become less attractive to producers. One of the ways to try reducing costs is through the mechanization of activities. The objective of this study was to evaluate the production cost and economic viability of arabica coffee in the state of Espírito Santo, comparing manual and semi-mechanized harvest to different yield levels. For the feasibility analysis, the techniques of Net Present Value and Internal Rate of Return were used and the sensitivity analysis was used for risk assessment. The results show advantages of semi-mechanized harvest. At the level of 50 bags per hectare, the activity was profitable considering the interest rate of 8%. In manual harvesting, the IRR is 8.3% and, in the semi-mechanized harvest, the IRR is 16%. Producers must invest in higher yield levels with new technologies and mechanization to have greater return in the activity.
INTRODUCTION
Coffee cultivation continues to be the highlight of Brazilian agriculture (APARECIDO, ROLIM, SOUZA, 2015; AMARASINGHE et al., 2015; APARECIDO et al., 2016) . In the state of Espírito Santo, coffee cultivation represented 36.2% of the Gross Value of farming production in 2016. Espírito Santo is the second largest national coffee producer, responsible for 20.1% of the national coffee production in 2017, with 9.3 million bags. Coffee comprised 18.4% of the State agribusiness exports in 2017 . According to data from the Ministry of Labor, formal jobs in coffee cultivation accounted for 23.3% of employment in farming in Espírito Santo in 2016 (MTE-RAIS, 2016) .
Espírito Santo produces two varieties of coffee: arabica and conilon. Arabica is the predominant variety in the south of the state and conilon is predominant in the north. Arabica coffee production is present in 45 municipalities 1 Instituto Capixaba de Pesquisa/ INCAPER -Assistência Técnica e Extensão Rural -Rua Afonso Sarlo, 160 -Bento Ferreira 29.052-010 -Vitória -ES -edileuzagaleano@gmail.com 2 Instituto Capixaba de Pesquisa/ INCAPER -Assistência Técnica e Extensão Rural -Av. Harthuer Haese, 124 sl 201 -Centro 29.255-000 -Marechal Floriano -ES-cesar.kro@incaper.es.gov.br of Espírito Santo and represented 32% of the state coffee production in 2017 (LSPA-IBGE, 2017) .
Since coffee is a perennial culture, it is subject to various risks such as climatic adversities, diseases and pests, as well as market and price risks (BARBOSA et al., 2012) . With increasing competitiveness in the agricultural sector, the demand for research on production costs also increases and, regarding coffee, it is possible to mention the studies of Fernandes et al., 2013; Silva et al., 2013; Silva et al., 2014; Cunha et al., 2015; Cunha et al., 2016a and 2016b; Jasper et al., 2013; Lanna et al., 2012 as examples. According to Matiello et al., (2016) the analysis of costs, revenues and performance of coffee cultivation should be based on medium and long-term evaluations, carefully choosing the region for crop implementation. Currently, the cost of implementing a coffee crop is relatively high; thus, the producer must make a careful analysis in the decision making of the investment. systems, and harvesters that work under such conditions suffer a decrease in operational efficiency and yield, due to a higher time demand during harvest (CUNHA et al., 2016b) . For Lanna and Reis (2012) , manual harvesting is infeasible, while mechanization has a lower cost and higher return rates. It is possible to assure that mechanical harvest for coffee trees yields greater cost reduction and an increase in productivity in relation to other systems, besides being economically viable (CUNHA et al., 2016b) .
Considering the average production of arabica coffee in the state of Espírito Santo around 21 bags per hectare, which is below the national average (24.3 bags per hectare) (CONAB, 2018) , it is important to evaluate the average production costs of arabica coffee in order to better guide the producer in their decision-making.
Coffee prices increased in 2016, reflecting lower production. The average price received by the arabica coffee producer reached a peak of R$ 475.43 in November 2016 and decreased to R$ 402.43 in December 2017 (INCAPER, 2017) . In March 2018, the price received by the arabica coffee producer was around R$ 380.00 per bag, reflecting the expectation of a larger production. In addition to cost evaluation, the producer needs to create market strategies to improve decisionmaking in productive arrangements, as well as to be attentive to market trends (CHIPANSHI et al., 2015; PINTO et al., 2015; SANTOS, GOMES and GOMES, 2015) .
The objective in this study was to estimate the cost of implantation and production of arabica coffee in the state of Espírito Santo and to verify the economic viability of the activity, comparing the manual and semi-mechanized harvest for different production levels.
The semi-mechanized harvesting system consists in the use of machines only in part of the execution of harvesting operations. In this system, tractor-driven machines perform coffee harvesting after manual stripping and branch cutting. This system has the potential to serve small, medium and large producers (SOUZA et al., 2017) .
MATERIAL AND METHODS
For the development of this study, a survey of the technical coefficients indicated for the cultivation of arabica coffee was initially carried out, together with specialists in the activity. Subsequently, the average prices of the inputs and the average selling price practiced in the producing This analysis, according to Matiello et al. (2016) , includes: a) conjunctural and economic analysis, such as market conditions, supply and demand, prices, interest rates, exchange rate policy and agricultural policy; b) analysis of the property, on aptitude, infrastructure, administration and labor; c) analysis of crop management, the technological level, culture-related problems, yield and production costs. In addition, the costs of implementation, harvest and post-harvest should be planned as well (CUNHA et al, 2015; JASPER e SILVA, 2013; SANTOS et al., 2013 SANTOS et al., , 2015 SANTOS et al., e 2017 MEJÍA et al., 2013) .
A study by the National Supply Company (CONAB) showed that arabica coffee producers in the municipality of Venda Nova do Imigrante in Espírito Santo only had a positive margin in two of the nine years analyzed between 2012 and 2016 (the costs of implementing the crop were not considered). The study shows that costs rose above inflation (CONAB, 2017) .
According to a study by Matiello (2018) , coffee production costs increased in the last harvest seasons and reached the prices obtained in coffee sale, reducing the profitability of producers. As prices are determined by the market and the producer can do little to avoid further financial losses, a careful analysis of production costs should be performed periodically. The data collected by the Campo Futuro project, a partnership between the Federal University of Lavras and the National Confederation of Agriculture, showed that in the south of Minas Gerais, in the 2017 harvest, costs were respectively R$450.00 per bag, in the municipality of Santa Rita do Sapucai, and R$462.00, in the municipality of Guaxupé, considering the total operating costs. The increase from 2016 to 2017 was around 8.4%. The cost estimate for the 2016 harvest showed that, for the production of 10 bags per hectare, the costs are around R$ 600.00 per bag and, for 40 bags per hectare, costs fall to R$ 300.00 per bag (MATIELLO, 2018) .
One of the ways to reduce costs in coffee harvesting has been mechanization, which can contribute to the reduction in human labor and increase labor productivity and the financial return of farmers (OLIVEIRA et al., 2007; SANTINATO et al., 2014; CUNHA et. al., 2016b; JASPER and SILVA, 2013) . One of the great challenges for mechanized coffee harvesting comprises its feasibility and improvement in steep lands (CÁRDENAS et al., 2013; CÁRDENAS et al., 2015; SANTINATO, et al., 2016) . Soil slope is an influencing factor on productivity for mechanical Coffee Science, Lavras, v. 14, n. 2, p. 223 -230, apr./jun. 2019
Galeano, E. V. & Krohling, C. A. 225 region were surveyed. All costs of inputs, labor, depreciation, cost of land and opportunity cost during the entire production cycle were considered. Production cost calculations were made for the following yield levels: 15, 20, 30, 40 and 50 bags per hectare in a rainfed crop. The survey was conducted in 2017.
The total cost consisted of explicit costs (inputs and labor) and implicit costs (crop depreciation, land cost and opportunity cost) (MANKIW, 2014; SANTOS et al, 2009 ). The operational cost expresses the relation of the cost and the capacity of work or production, allowing the rational use of the resources (PIACENTINI et al., 2012) . Regarding the land, only its opportunity cost was considered, following the methodology described by COMPANHIA NACIONAL DE ABASTECIMENTO (2010), which estimates that the land remuneration rate is 3% of the average real selling price of the land. The average price of bare land of the region producing arabica coffee (CARNIELLI et al, 2017) was considered.
As for crop depreciation, according to Santos, Segatti and Marion (2009) and Crepaldi (2012) , this cost should be considered for permanent crops, according to their production lifetime. For coffee cultivation, according to technical information gathered from producers and specialized technicians, production starts from the second year and reaches its maximum from the third year. According to the surveys, yield is considered good during 20 years of production from the third year, that is, a production lifetime of 20 years is considered for purposes of depreciation calculation (SANTOS et al, 2009) .
For the purpose of analyzing the opportunity cost of resources allocated to the activity, an interest rate of 8% per year was considered, which would be close to the remuneration required for application in the financial market.
For the financial analysis, economic viability indicators were considered (GITMAN, 2010; ASSAF NETO; LIMA, 2014): Net Present Value (NPV) and Internal Rate of Return (IRR).
In equations1 and 2, NPV = net present value, R$; Rt = revenue in each month, R$; Ct = cost in each month; I 0 = initial investment; n = time of project analysis in years; i = minimum attractive rate of return (MARR); IRR = internal rate of return.
For the investment to be considered viable, the NPV should be positive, and the higher the NPV, the more attractive the investment. The IRR should be higher than the cost of capital or opportunity cost.
RESULTS AND DISCUSSION
The cost and economic viability for the production of arabica coffee at different yield levels were evaluated, considering manual and semi-mechanized harvest. In cost evaluation, many producers erroneously consider only the explicit costs, that is, those payments in which the producer perceives the monetary disbursements. However, many producers forget to account for costs which they do not physically cash out. This leads to an illusion that one is profiting from the activity.
The initial investment in the first year, considering only the inputs and labor, is R$ 10,554.73 to produce 15 bags per hectare. Adding the depreciation costs of machinery and equipment, land cost and opportunity cost, the total investment in the first year is R$ 12,199.40. To produce 50 bags per hectare, costs with labor and inputs totaled R$ 23,030.96 and, including other costs, the total rises to R$ 25,577.33. In depreciation costs, only the costs related to the working hours of each of the machines and equipment in coffee production were included, since they are also used in other crops. Some costs, such as the cost of land and depreciation are fixed; therefore, for lower yield levels, such costs weigh relatively more for the producer. For a yield level of 15 bags, the cost of land represents 4% and, for a yield of 50 bags, the land represents only 1.9% of the costs. Implicit costs are relatively higher for the producer who produces 15 bags per hectare, representing 12.9%, while for a yield of 50 bags, implicit costs represent 10%. As for the number of hours per machine, most of the time, what is spent to obtain a yield of 15, is also spent for a yield of 40 or 50 bags per hectare, as is the case of carrying fertilizer, mowing, spraying or even picking up the coffee in the countryside. A cart carries 60 bags but, if the yield is low and 15 bags or 50 bags are picked during the day, the machine time is the same, that is, the number of hours per machine is similar for the various yield levels. The initial investment values per hectare are considered high when compared with other alternatives of agricultural investment and, once it is a perennial crop, the producer must evaluate its costs with criteria.
1
In the second year of activity, the costs of inputs and labor are relatively lower, but there are other costs such as the establishment of the patio and granary, for example, as well as crop depreciation, which start to be accounted for when production starts. In the second year, the producer obtains a small harvest that varies from 5 to 20 bags, according to crop yield level. The obtained revenue helps minimize crop costs, but does not even cover the costs of the second year.
In the third year of production, yield is already at its highest level and the producer can make a comparative evaluation of the costs and revenue obtained. Graphs 1A and 1B show the total explicit and implicit costs and revenues obtained for the various yield levels. The total cost increases according to yield level and the average cost per bag decreases as yield level increases (Graphs 1C and 1D) . If the producer considers only the explicit costs, they have the impression that they are having return (profit) with yield between 15 and 30 bags per hectare. However, when all the costs are considered, only from 30 bags a positive result in manual harvest is obtained.
In semi-mechanized harvesting, the cost of acquiring black plastic canvas, labor and machines is the same for producing 30, 40 and 50 bags per hectare. In this case, semi-mechanized harvesting becomes feasible only from 32 bags; while in manual harvesting, 30 bags are sufficient to pay for the costs. With a yield level of 15 bags, the producer will have an estimated loss of R$ 140.00 per bag. With a yield level of 50 bags per hectare, the profit is estimated at R$ 70.00 per bag. Table 2 presents the costs of the third year of activity for the various yield levels in manual and semi-mechanized harvesting. Although the annual costs indicate that, from 30 bags, the producer can obtain a return with manual harvest, it is still necessary to conduct an economic viability study considering the value of the initial investment, that is, the cost of implementing the crop. Thus, the producer must calculate the net present value and the internal rate of return, considering the 20 years of crop production.
From the data collected, there is evidence that the activity only presents viability at the level of 50 bags per hectare, for both manual and semimechanized harvest. In manual harvesting, the IRR is 8.3% and is very close to the opportunity cost adopted. In the semi-mechanized harvest, the IRR is 16% and the net present value is R$ 21,411.12, which represents a net profit of R$ 428.22 per bag during crop life cycle.
The producer must have this notion of how much they are losing, that is, if they have been decapitalizing over the years for insisting on maintaining a crop with low yield levels. Some producers are able to produce high quality coffee and get a higher price for their production, which makes the activity viable. However, most producers end up selling their product at the average market price and can barely pay for the costs.
As an evaluation, the net present value and the internal rate of return were also calculated with different levels of interest rates, since some of the producers obtain financing with subsidized interest rates. Rates of 4%, 6%, 8% and 10% were considered.
The results indicate that the producer can return from 40 sacks per hectare in manual harvest, and at the levels of 30 and 40 sacks with semi-mechanized harvest, provided that they have subsidized credit. GRAPH 1: Explicit costs and revenue per ha for different productivity levels (3rd year) A; Explicit and implicit costs and revenue per ha for different productivity levels (3rd year) B; Explicit costs and revenue per bag for different productivity levels (3rd year) C and Explicit and implicit costs and revenue per bag for different productivity levels (3rd year) D.
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CONCLUSION
The results show advantages of semimechanized harvest. At the level of 50 bags per hectare, the activity was profitable, considering an interest rate of 8%. In manual harvesting the IRR was 8.3% and in the semi-mechanized harvest the IRR was 16%. The evaluation reveals that costs are above revenue for farmers who produce near or below the state yield average. Public policies such as subsidized rural credit, for example, only reduce financial costs. However, they are not enough for farmers that produce at low yield levels to obtain profit. These producers should invest more, seeking higher yield levels and investments in new technologies, technical assistance and mechanization to have a return in the activity.
